Mammalian fatty acid synthase is a multifunctional enzyme complex involved in de novo synthesis of saturated fatty acids, and inhibitors of fatty acid synthase are being evaluated as potential therapeutic agents. Increased fatty acid synthase expression has been demonstrated in subsets of malignancies, including colon, breast, endometrium, prostate and ovarian carcinomas, and recently malignant melanomas. We evaluated the immunohistochemical expression of fatty acid synthase in 155 cutaneous melanocytic lesions. They included 30 congenital nevi, 19 compound nevi, 40 Spitz nevi, 48 primary melanomas, and 18 metastatic melanomas. Fatty acid synthase expression was stronger in malignant melanomas in comparison to conventional nevi and Spitz nevi, and was the highest for metastatic melanoma. Of the primary malignant melanomas, mean fatty acid synthase scores were significantly greater for Clark levels IV and V compared to Clark levels I and II (Po0.001). In addition, melanomas with Breslow thickness 0.75-1.50 mm and 41.50 mm showed significantly higher mean fatty acid synthase scores compared with those with Breslow thickness o0.75 mm (P ¼ 0.013 and o0.001, respectively). Of interest, congenital melanocytic nevi also showed strong fatty acid synthase expression, similar to that seen in metastatic melanoma. This may represent persistence of or regression to a fetal phenotype since normal fetal tissues are known to express high levels of fatty acid synthase.
Fatty acid synthase, the key enzyme responsible for the synthesis of fatty acids, catalyzes the conversion of acetyl-CoA and malonyl-CoA into long-chain fatty acids. 1 It is weakly expressed in some normal adult human tissues. 1 Increased fatty acid synthase expression has been demonstrated in subsets of malignancies, including colon, breast, and ovarian carcinomas. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Recently, the expression of fatty acid synthase was shown to correlate with Breslow thickness in malignant melanoma while only weak expression was present in melanocytic nevi. 13 In addition, the expression of fatty acid synthase may have therapeutic relevance because fatty acid synthase inhibitors, cerulenin and triclosan, have been demonstrated to be cytotoxic to human cancer cells in vitro. 14, 15 To date, there is no known information on the staining pattern of fatty acid synthase in congenital melanocytic nevi; thus, the study of fatty acid synthase expression may shed light on their biology and possibly be of therapeutic value.
Materials and methods
The study has been approved by the internal review board at the University of Texas Southwestern Medical Center at Dallas. 16 Of the primary malignant melanomas, the Breslow depth was less than 0.75 mm in 25 cases, between 0.75 and 1.50 mm in seven cases, and greater than 1.50 mm in 16 cases. The following clinical information was obtained from the patients' medical records: age, sex, location of lesion, size of the lesion, duration, therapy, and follow-up.
Immunohistochemistry
One representative formalin-fixed and paraffinembedded block from each case was used to cut 4-mm-thick sections. The anti-fatty acid synthase antibody, a mouse monoclonal IgG (clone 14G5, Immuno-Biological Laboratories Co., Ltd, Japan), was used at concentration of 3 mg/ml. The staining was performed manually by the standard peroxidase method, in which the secondary antibody (Dako, Carpinteria, CA, USA) was tagged with horseradish peroxidase and the chromogen was diaminobenzidine. The endogenous peroxidase activity was quenched by hydrogen peroxide. Nonspecific antibody binding was blocked with protein blocker (Dako). The sections were lightly counterstained by the Giemsa method so that unstained nuclei were light blue in color and any melanin pigment appeared green. 17 The staining method was first standardized on sections of breast and colonic carcinomas. During standardization, steam-based antigen retrieval was attempted. However, the antibody was found to work better without the antigen retrieval; therefore, this step was not performed on the studied cases. The fatty acid synthase expression in sebaceous glands and the stratum granulosum of the epidermis was used as internal positive control, in accordance with the recent work of Uchiyama et al. 18 Appropriate negative control was included with each run.
Each case was scored separately by two of the authors in a blinded manner (PK and MPH). The cases, for which there was disagreement, were rescored jointly for consensus (PK, DR, and MPH).
The staining intensity was graded subjectively from 0 to 3 þ (negative: 0, low intensity: 1, moderate: 2, and strong: 3). The fraction of positive cells was estimated using a three-tiered scale (o10% ¼ 0, 10-50% ¼ 1, 51-80% ¼ 2, 480% ¼ 3). We used a combined scoring system, modified from that described by Innocenzi et al. 13 The overall score was calculated as the average of both the intensity and the positive fraction score in each case.
Statistical Analysis
Descriptive analyses are presented with means, standard deviations, and error bar graphs. Statistical testing for differences in the percentages of positive immunostaining among groups was performed with analysis of variance and Bonferroni corrections for multiple comparisons. Two-tailed P-values of less than 0.05 were considered to be statistically significant.
Results
The demographic data of these 155 melanocytic lesions are summarized in Table 1 . Of the congenital melanocytic nevi, one patient had neurofibromatosis. The maximum dimensions of the congenital melanocytic nevi ranged from 1.2 to 17 cm (mean: 5.6 cm). The anatomic locations of the tumors were: upper extremity (5), lower extremity (4), head and neck (9), trunk (11), and not specified (1) . All the patients are alive and without evidence of either recurrence or malignant transformation, with a follow-up ranging from 4 to 15 years (mean: 9.2 years). Of these 30 congenital nevi cases, 23 were histologically intradermal and seven were compound type.
Mean fatty acid synthase scores in conventional nevi, congenital nevi, Spitz nevi, malignant melanomas, and metastatic melanomas are presented in Table 2 and Figure 2 . Positive fatty acid synthase staining was characterized by a cytoplasmic and granular pattern. The staining intensity was comparable to that of adjacent normal sebaceous glands (Figure 1d ). The fatty acid synthase expression was the highest in metastatic melanomas and congenital melanocytic nevi, intermediate in primary malignant melanomas, and lowest in Spitz nevi and conventional nevi (Figure 2 ). Within the primary malignant melanomas, fatty acid synthase score was significantly greater for Clark levels IV and V, when compared to Clark levels I and II (Figure 3 ). In addition, melanomas with Breslow thickness of 0.75-1.50 mm and greater than 1.50 mm showed a significantly higher fatty acid synthase score when compared with melanomas with Breslow thickness less than 0.75 mm (Figure 4 ).
Discussion
Mammalian fatty acid synthase (EC 2.3.1.85) is a multifunctional enzyme complex involved in de novo synthesis of saturated fatty acids from acetylCoA, malonyl-CoA, and NADPH. It is a homodimer with a molecular weight of 544 kDa. The gene for fatty acid synthase resides on chromosome 17q25. (2), prostatic (3), colonic (4), ovarian (5), gastric (6), esophageal (7), pulmonary (8) , oral (9), thyroid (10), mesothelial (11), endometrial (12) , and melanocytic (13) origin. This information may possibly have therapeutic relevance because fatty acid synthase inhibitors, cerulenin and triclosan, have been shown to be cytotoxic to human cancer cells in vitro.
14,15 Cerulenin, a natural antibiotic product of the fungus Cephalosporium cerulens, is a specific noncompetitive inhibitor of the beta-ketoacyl synthase activity of fatty acid synthase.
14 In various cancer cell lines, it has been shown to be selectively cytotoxic to cancer cells that have increased fatty acid synthase, but not to normal cells that have low levels of fatty acid synthase. 14, 15 We observed increasing fatty acid synthase expression with increasing depth of invasion in malignant melanomas, with the highest fatty acid synthase expression seen in metastatic melanomas and low fatty acid synthase expression in conventional and Spitz nevi. Similarly, Innocenzi et al 13 demonstrated statistical association of fatty acid synthase expression with Breslow thickness and overall survival in patients with malignant melanoma. Melanomas with thickness greater than 2 mm and strong fatty acid synthase expression were more likely to be lethal than those with weaker fatty acid synthase immunoreactivity. 13 All of their metastatic melanoma cases showed high fatty acid synthase expression. 13 In this study by Innocenzi et al, 13 all 30 conventional melanocytic nevi showed only weak fatty acid synthase expression. Of note although mean fatty acid synthase expression was significantly different between Spitz nevi and primary melanomas in our study, overlap in distributions was observed between thin malignant melanomas and Spitz nevi.
The mechanism responsible for regulation of fatty acid synthase expression in cancer is not known at this time. Moreover, the regulation of fatty acid There is speculation that fatty acid synthase may play a role in tumor cell proliferation. Pizer et al 20 found that in human colon cancer cell lines fatty acid synthase inhibition resulted in blockage of DNA replication and S-phase progression. In hormonal-sensitive tumors, estrogen, progesterone, and androgen have been demonstrated to play a role in fatty acid synthase regulation. 21 Thus there appears to be multiple signaling pathways responsible for fatty acid synthase dysregulation in cancer. Additional studies are needed in order to define the role of fatty acid synthase in melanoma development, growth, and invasion.
We have shown that there is high level of fatty acid synthase expression in all 30 congenital nevi and the expression is comparable to that seen in metastatic melanomas. This overlap in immunoprofile is interesting. Congenital nevi are cutaneous melanocytic lesions that occur in approximately 1% of newborns. 22, 23 They are classified into three groups based on size: small (less than 1.5 cm), medium (1.5-19.9 cm), and large or giant (20 cm or greater). 24 Large congenital melanocytic nevi have an increased risk for the development of cutaneous and extracutaneous melanomas. [24] [25] [26] The overall incidence of malignant transformation of congenital melanocytic nevi ranges from 0.025 to 5.9% in different studies (2-42% in large congenital nevi) with very high risk during the first decade of life. 25, 26 The expression of fatty acid synthase in congenital nevi could represent either persistence of or regression to a fetal immunophenotype, since it is known that fetal cells express high levels of fatty acid synthase. 1 The strong expression of fatty acid synthase in congenital nevi is not diagnostically helpful in the setting of malignant melanoma arising in congenital nevi. However, it raises the possibility of potential therapeutic use of fatty acid synthase inhibitors in the treatment of large and unresectable congenital nevi.
In summary, our findings show that melanomas express high levels of fatty acid synthase. The fatty acid synthase expression in melanomas increases with increasing depth of invasion, and is the highest for metastatic melanomas. We also demonstrate that conventional and Spitz nevi show a much lower expression of fatty acid synthase, consistent with their benign biologic behavior. Surprisingly, congenital nevi show very high levels of fatty acid synthase expression, near to that seen for metastatic melanomas.
